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Abstract: Apart from the charmful decay channels of Y (4260), the charmless decay channels of Y (4260) also
provide us a good platform to study the nature and the decay mechanism of Y (4260). In this paper, we propose to
probe the structure of Y (4260) through the charmless decays Y (4260)→V P via intermediate D1D¯+c.c. meson loops,
where V and P stand for light vector and pseudoscalar mesons, respectively. Under the molecule ansatz of Y (4260),
the predicted total branching ratio BRV P for all Y (4260)→ V P processes are about (0.34
+0.32
−0.23)% to (0.75
+0.72
−0.52)%
with the cutoff parameter α=2∼ 3. Numerical results show that the intermediate D1D¯+c.c. meson loops may be a
possible transition mechanism in the Y (4260)→V P decays. These predicted branching ratios are the same order to
that of Y (4260)→Z+c (3900)pi
−, which may be an evidence of D1D molecule and can be examined by the forthcoming
BESIII data in the near future.
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1 Introduction
In the past decade, many new charmonium (or char-
moniumlike), i.e., the so-called XY Z states have been
observed experimentally, which triggered a lot of theo-
retical investigations on the nature of exotic meson res-
onances beyond the conventional qq¯ quark model [1–
6]. Among these observed XY Z states, the reso-
nance Y (4260), which was firstly observed by the BaBar
Collaboration in the π+π−J/ψ invariant spectrum in
e+e− → γISRπ+π−J/ψ [7], and then confirmed by both
the CLEO and Belle Collaborations [8, 9], is a very inter-
esting one because of that its mass m=4263+8−9 MeV [10]
is only about 30-40 MeV below the S-wave D1D¯+ c.c.
threshold. And very recently, the new datum from BE-
SIII confirms the signal in Y (4260) → J/ψπ+π− with
much higher statistics [11]. It indicates that it’s worth
to study the structure and decays of Y (4260).
Since the observation of Y (4260), many differ-
ent solutions were proposed to study the structure
of Y (4260). These solutions include the 4S charmo-
nium [12], tetraquark cc¯ss¯ state [13], charmonium hy-
brid [14–16], D1D¯ molecule [17–19],
∗
χc1ω molecule [23],
χc1ρ molecule [24], hadrocharmonium state [4, 25, 26],
spin-triplet Λc-Λ¯c baryonium states [27–30], a cusp [31,
32] or a non-resonance explanation [33, 34] etc. Un-
der the D1D¯ molecule ansatz, some experimental ob-
servations can be described, such as the observation of
Zc(3900) in e
+e− → π+π−J/ψ [19], the production of
X(3872) in the e+e− annihilation around the mass of
Y (4260) [20], and the threshold behavior in the main
decay channels of Y (4260) [35] etc. In Ref. [26], Li and
Voloshin argue that the hadrocharmonium interpretation
of Y (4260) may be more credible. Their argument is
based on the fact that the production of an S-wave pairs
with SPL =(3/2)
+ and SPL =(1/2)
− heavy mesons, where
SL is the sum of the spin of the light quark and the or-
bital angular momentum in the heavy mesons, in e+e−
collisions is forbidden in the limit of exact heavy quark
spin symmetry. In Ref. [26], it was also shown that both
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∗There are two D1 states of similar masses, and the one in
question should be the narrower one, i.e., the D1(2420) (Γ = 27
MeV), the D1(2430)(Γ≃ 384 MeV) is too broad to form a molec-
ular state [20–22].
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the rescattering due to the processD∗D¯∗→D1D¯ and the
mixing of the D1(2420) with the D1(2430) cannot evade
this suppressed production. They also considered the
possible kinematic effects that might increase the amount
of the heavy quark spin symmetry (HQSS) violation and
found that the kinematical effect is quite small at such
energy. Thus, they concluded that the S-wave D1D¯ pro-
duction is suppressed. In Ref. [36], Wang et al. con-
front both the hadronic molecule and the hadrocharmo-
nium interpretations of the Y (4260) with the experimen-
tal data currently available. Although the production of
(3/2)+ and (1/2)− heavy meson pairs is suppressed in the
heavy quark limit [26], the heavy quark spin symmetry
breaking effects in the charm sector can be significant.
So the resulting suppression for the physical charm quark
mass is not in conflict with the interpretation that the
main component of the Y (4260) is a D1D¯ molecule.
On the other hand, the intermediate meson loop tran-
sition as an important nonperturbative dynamical mech-
anism has been extensively studied in the energy re-
gion of charmonium [37–64]. It is widely recognized
that the intermediate meson loops may be closely related
to some nonperturbative phenomena observed in experi-
ments [46–67], e.g. sizeable branching ratios for non-DD¯
decay of ψ(3770) [46–52], the helicity selection rule vi-
olations in charmonium decays [59–61], isospin symme-
try breaking in charmonium decays [63, 64]. Recently,
this intermediate meson loops mechanism has been ap-
plied to the production and decays of ordinary and exotic
states [19, 20, 35, 68–73].
Recently, the charmful decay channels have been ex-
tensively used to constrain the reaction mechanism and
gain insights into the nature Y (4260) [35, 68–70]. Apart
from the charmful decay channels of Y (4260), the charm-
less decay channels of Y (4260) are also a good plat-
form to further study Y (4260). In the present work, we
study the charmless decays Y (4260)→V P via D1D¯ loop
with an effective Lagrangian approach (ELA) under the
D1D¯+ c.c. molecule ansatz. The paper is organized as
follows. In Sec. 2, we will briefly introduce the ELA and
give some relevant formulae, the numerical results are
presented in Sec. 3, and Sec. 4 contains a brief summary.
2 The Model
Y (4260) D¯
D1
D¯
∗
V
P
Fig. 1. The hadron-level diagrams for Y (4260)→
V P with D1D¯ as the intermediate states. V
and P denote the light vector and pseudoscalar
mesons, respectively.
Generally speaking, all the possible intermediate meson
exchange loops should be included in the calculation. In
reality, the breakdown of the local quark-hadron dual-
ity allows us to pick up the leading contributions as a
reasonable approximation [74, 75]. For example, the in-
termediate states involving flavor changes turn out to be
strongly suppressed. One reason is because of the large
virtualities involved in the light meson loops. The other
is because of the Okubo-Zweig-Iizuka-rule suppressions.
In this work, we have assumed that Y (4260) is dominated
by the S-wave D1D¯+c.c. component and the D1D¯+c.c.
mass threshold is only 30 MeV above the Y (4260), so
we consider the S-wave D1D¯ meson loops as the leading
contributions.
By assuming Y (4260) is an S-wave D1D¯ molecular
state, the effective Lagrangian is constructed as
LY (4260)D1D= i
x√
2
(D¯†aY
µDµ†1a−D¯µ†1aY µD†a)+H.c., (1)
where x is the coupling constant.
For a state slightly below an S-wave two-hadron
threshold, the effective coupling constant of this state
to the two-body channel, gNR, is related to the probabil-
ity of finding the two-hadron component in the physical
wave function of the bound state, c2, and the binding
energy, ǫ=m1+m2−M [20, 76, 77]
g2NR≡ 16π(m1+m2)2c2
√
2ǫ
µ
[1+O(
√
2µǫr)] , (2)
where µ =m1m2/(m1+m2) is the reduced mass, and r
denotes the range of the forces. Notice that the coupling
constant gets maximized for a pure bound state, which
has c2=1 by definition.
Using the masses of the Y (4260), D and D1 given
in PDG [10], we obtain the mass difference between the
Y (4260) and the D1D¯+c.c. threshold to be mD+mD1−
mY = 27
+9
−8 MeV. Assuming that Y (4260) is pure DD1
molecule, which corresponding to hte probability of find-
ing D1D¯ component in the physical wave function of the
bound states c2=1, we obtain the coupling constant x
|x|=14.62+1.11−1.25±6.20 GeV , (3)
where the first errors are due to the uncertainties of the
binding energies, and the second ones are from the the
approximate nature of Eq. (2).
The effective Lagrangian relevant to the light vector
mesons can be obtained as follows [78, 79],
LV = igD∗DVǫαβµν(D
↔
∂αD∗β†−D∗β†
↔
∂αDj)∂µVν
+igD∗DVǫαβµν(D
↔
∂αD∗β†−D∗β†
↔
∂αDj)∂µVν
+H.c. , (4)
and the effective Lagrangian for the light pseudoscalar
mesons are constructed based on both heavy quark spin-
flavor transformation and chiral transformation [80–83].
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Accordingly, the interaction terms studied in the present
work read
LP = gD1D∗P [3Dµ1 (∂µ∂νP)D∗†ν−Dµ1 (∂ν∂νP)D∗†µ ]
+gD¯1D¯∗P [3D¯∗†µ(∂µ∂νP)D¯ν1−D¯∗†µ(∂ν∂νP)D¯1ν ]
+H.c. , (5)
with D(∗) = (D(∗)+,D(∗)0,D(∗)+s ) and D¯(∗) =(
D(∗)−, D¯(∗)0,D(∗)−s
)
. P and V denote the 3× 3 matri-
ces for the pseudoscalar octet and vector nonet, respec-
tively [55], i.e.,
P =


pi0√
2
+ η cosαP+η
′ sinαP√
2
π+ K+
π− − pi0√
2
+ η cosαP+η
′ sinαP√
2
K0
K− K¯0 −η sinαP +η′cosαP

 ,V =


ρ0√
2
+ ω√
2
ρ+ K∗+
ρ− − ρ0√
2
+ ω√
2
K∗0
K∗− K¯∗0 φ

 . (6)
The physical states η and η′, which should be linear
combinations of nn¯=(uu¯+dd¯)/
√
2 and ss¯, are taken to
be the following form
|η〉 = cosαP |nn¯〉−sinαP |ss¯〉 ,
|η′〉 = sinαP |nn¯〉+cosαP |ss¯〉 , (7)
where αP ≃ θP+arctan
√
2. Empirical value for the pseu-
doscalar mixing angle θP should in a range of −22◦ ∼
−13◦ [10], and here we take θP =−19.3◦ [54].
And the coupling constants relevant to the light vec-
tor mesons in Eq. (4) read
gD∗DV =−gD∗DV =−
1√
2
λgV , (8)
where fpi = 132 MeV is the pion decay constant, and the
parameter gV is given by gV =mρ/fpi [83]. By matching
the form factor obtained from the light cone sum rule and
that calculated from the Lattice QCD, we can obtain the
parameter λ=0.56 GeV−1 [84].
In the chiral and heavy quark symmetry limit, the
coupling constants relevant to the pseudoscalar mesons
in Eq. (5) are
gD∗D1P = gD∗D1P=−
√
6
3
h′
Λχfpi
√
mD∗mD1 . (9)
Here Λχ is the momentum scale characterising the con-
vergence of the derivative expansion, usually taken as
the chiral symmetry breaking scale Λχ ≃ 1 GeV. The
coupling h′, which is relevant to ∆H , i.e., the differ-
ence between the charmed meson doublet mass and the
mass of the heavy quark involved, can be obtained in
a constituent quark-meson model [85]. If one take the
value ∆H = 0.4± 0.1 GeV, then one can obtain h′ =
0.65+0.44−0.30 [85]. As the total D
∗0
2 width is dominated by
the one pion mode in the chiral heavy meson Lagrangian,
one can use the experimental result of 49.0±1.4 MeV to
extract an experimental value for h′ to be 0.74±0.01 [10].
Here, we take h′=0.74±0.01 as an estimate.
The loop transition amplitudes for the transitions in
Fig. 1 can be expressed in a general form in the effective
Lagrangian approach as follows,
Afi=
∫
d4q2
(2π)4
∑
D∗ pol.
T1T2T3
a1a2a3
F(m2,q22) , (10)
where Ti and ai= q
2
i−m2i (i=1,2,3) are the vertex func-
tions and the denominators of the intermediate meson
propagators, respectively. As mentioned above, the mass
of Y (4260) is slightly below the S-wave D1D¯ threshold,
so the off-shell effects of intermediate D1 and D¯ should
be smaller than that of the exchanged particle. So in or-
der to take care of the off-shell effects of the exchanged
particles [37, 86, 87], we adopt a monopole form factor
F(m2,q22)≡
Λ2−m22
Λ2−q22
, (11)
with Λ ≡ m2 + αΛQCD, and the QCD energy scale
ΛQCD=220 MeV.
3 Numerical Results
Table 1. The predicted branching ratios of Y (4260) decays with different α values. The uncertainties are dominated
by the use of Eq. (2).
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Final states No Form factor Monopole Form Factor
α=2.0 α=3.0
ρ0pi0 (1.46+1.41−1.01)×10
−2 (8.93+8.58−6.12)×10
−4 (1.98+1.91−1.36)×10
−3
ρpi (4.39+4.25−3.03)×10
−2 (2.61+2.51−1.99)×10
−3 (5.92+5.72−4.11)×10
−3
K∗+K−+c.c. (4.90+4.72−3.37)×10
−3 (1.09+1.06−0.76)×10
−4 (3.27+3.12−2.25)×10
−4
K∗0K¯−+c.c. (4.96+4.78−3.41)×10
−3 (1.44+1.38−0.99)×10
−4 (3.21+3.09−2.21)×10
−4
ωη (1.37+1.33−0.95)×10
−2 (3.63+3.51−2.51)×10
−4 (8.18+7.88−5.62)×10
−4
ωη′ (1.25+1.21−0.86)×10
−2 (3.47+3.35−2.39)×10
−5 (8.38+8.13−5.77)×10
−5
ρη (2.93+2.83−2.01)×10
−7 (9.48+9.13−6.52)×10
−9 (1.96+1.89−1.35)×10
−8
ρη′ (8.18+7.88−5.62)×10
−7 (3.27+3.15−2.25)×10
−8 (6.52+6.27−4.41)×10
−8
ωpi0 (5.22+5.02−3.56)×10
−7 (1.44+1.39−1.00)×10
−8 (3.09+2.97−2.13)×10
−8
Total (8.03+7.78−5.52)% (3.36
+3.24
−2.31)×10
−3 (7.48+7.22−5.16)×10
−3
2.0 2.2 2.4 2.6 2.8 3.0
0.000
0.005
0.010
0.015
Α
B
R
Fig. 2. The α dependence of the total branching
ratios of Y (4260) → V P . The upper and lower
limits are obtained with the upper and lower lim-
its of the coupling constant in Eq. (3).
2.0 2.2 2.4 2.6 2.8 3.0
0.0
0.5
1.0
1.5
2.0
Α
R
at
io
Fig. 3. The α dependence of the total branching
ratios of Y (4260) → V P . The upper and lower
limits are obtained with the upper and lower lim-
its of the coupling constant in Eq. (3).
The width of Y (4260) is about 95±14 MeV [10], so
we should take into account the mass distribution of the
Y (4260) in the calculations of its decay widths. Then
the decay width of Y (4260)→ V P can be calculated as
follow [88],
ΓY (4260)→V P =
1
W
∫ (mY +2ΓY )2
(mY −2ΓY )2
ds
(2π)4
2
√
s
×
∫
dΦ2|A|2 1
π
Im(
−1
s−m2Y + imY ΓY
),
(12)
where A are the loop transition amplitudes for the pro-
cesses in Fig. 1. The factor 1/W with
W =
1
π
∫ (mY +2ΓY )2
(mY −2ΓY )2
Im(
−1
s−m2Y + imY ΓY
)ds (13)
is used to normalize the spectral function of the Y (4260)
state.
Before proceeding to the numerical results, we first
discuss the possible uncertainties involved in the calcu-
lations. The first uncertainties is the assumption of the
probability c2=1 for the D1D¯ structure for Y (4260). As
shown in Eq. (2), the predicted branching ratios are pro-
portional to probability c2. The second one comes from
the width effects of Y (4260) and the final ρ mesons. We
have checked that the width effect of ρmeson only causes
a minor change of about 1%∼ 5%, which is because the
mass of the final states are about 3 GeV below Y (4260).
In Fig. 2, we present the total branching ratio of all
possible Y (4260)→V P in terms of the cutoff parameter
α. The upper and lower limits are obtained with the up-
per and lower limits of the coupling constant in (3). As
shown from this figure, there is no cusp structure in the
curve. This is because the mass of Y (4260) lies below the
intermediate D1D¯ threshold. The branching ratios are
not drastically sensitive to the cutoff parameter, which
indicates a reasonable cutoff of the ultraviolet contribu-
tions by the empirical form factors to some extent.
To show the branching ratios of Y (4260) to different
V P channels explicitly, we list the predicted branching
ratios of Y (4260) for each decay channel with α = 2.0
and 3.0 in Table. 1, with comparison to the numerical
results obtained without a form factor. Notice that the
given errors are from the uncertainties of the the cou-
pling constants in Eq. (3). As shown in Table 1, the total
branching ratio of Y (4260)→ V P is about (8.03+7.78−5.52)%
without form factor. Obviously, the obtained branching
ratio in this way is somewhat larger than expected. In
principle, since the Y (4260) is taken to be a D1D¯+ c.c.
molecule, so the main decay channel would be D∗D¯π.
It is because that the exchanged charmed mesons are
4
Submitted to Chinese Physics C
usually off-shell, which indicates the necessity of consid-
ering the form factor. As shown in the last two columns
in Table 1, the total branching ratio of Y (4260)→ V P
are from (3.36+3.24−2.31)×10−3 to (7.48+7.22−5.16)×10−3 with the
cutoff parameter α=2.0∼ 3.0.
For the isospin-violating channels, i.e., Y (4260) →
ωπ0, ρη, and ρη′, the charged and neutral charmed me-
son loops would cancel out exactly in the isospin sym-
metry limit. In other words, the mass difference be-
tween the u and d quark will lead to m(∗)±D 6= m(∗)0D
due to the isospin symmetry breaking. As a result, the
charged and neutral charmed meson loops cannot com-
pletely cancel out, and the residue part will contribute to
the isospin-violating amplitudes. The branching ratios of
these isospin-violating channels as shown in Table 1 are
suppressed. Differing from the isospin-violating chan-
nels, since there is no cancelations between the charged
and neutral meson loops for the isospin isospin conserved
channels, i.e., Y (4260)→ ρπ, K∗K¯+c.c, ωη, and ωη′, so
the calculated branching ratios of these channels are 3-4
orders of magnitude larger than that of the isospin vio-
lated channels. As shown in this table, at the same α,
the predicted branching ratios of Y (4260)→ ωη are one
order larger than that of Y (4260)→ ωη′. The reasons
may attribute to the different nn¯ component and differ-
ent phase space. We suggest the experimental measure-
ments to test this point.
In order to better understand the decay mechanism
of Y (4260), we define the following ratio
R=
Br(Y (4260)→V P )
Br(Y (4260)→Z+c (3900)π−)
, (14)
which is plotted in Fig. 3 for the dependence on the cut-
off parameter. The ratio is less sensitive to the cutoff
parameter, which is a consequence of the fact that the
involved loops are the same. The predicted branching
ratios for Y (4260)→ V P are the same order to that of
Y (4260) → Zc(3900)π. It may be an evidence for the
molecule structure of Y (4260) and can be tested by the
experimental measurements in future.
4 Summary
In this work, we have investigated the charmless de-
cays of Y (4260) in ELA, where Y (4260) is considered as
a D1D¯ molecular state candidate. We explore the rescat-
tering mechanism with the effective Lagrangian based on
the heavy quark symmetry and chiral symmetry. The re-
sults show that the α dependence of the branching ratios
are not drastically sensitive to some extent. With the
commonly accepted α = 2 ∼ 3 range, we make a quan-
titative prediction for all Y (4260) → V P with BRV P
from (3.36+3.24−2.31)×10−3 to (7.48+7.22−5.16)×10−3. These pre-
dicted branching ratios are the same order to that of
Y (4260) → Z+c (3900)π− with the molecular state as-
sumption. It indicates that the intermediate D1D¯ meson
loops may be a possible mechanism in Y (4260)→ V P
decays. Of course, the relevant calculations of these
Y (4260)→V P channels in other models are also needed
in order to study the nature of Y (4260) deeply. We ex-
pect that with the help of precise measurements of var-
ious decay modes at BESIII, the nature of Y (4260) and
the decay mechanism of Y (4260)→ V P can be investi-
gated deeply. And the intermediate meson loops mech-
anism can be established as a possible nonperturbative
dynamics in the charmonium energy region, especially
the initial states are close to the two particle thresholds.
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